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(57) Abstract: A primary alkaline battery (10) has a cathode (12) includ- 
ing manganese dioxide, carbon particles, and binder. The carbon particles 
include a blend of both non-expanded graphite and expanded graphite. The 
^ blend provides the cathode with enhanced conductivity in comparison to 

10 a cathode including only non-expanded graphite particles (in the same total 
quantity), but also is more lubricous and thus easier to process than expanded 
graphite particles alone. Moreover, because expanded graphite generally is 
more expensive than natural graphite, the cost of the graphite used in the bat- 
tery is reduced as compared with cathodes including only expanded graphite. 
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BATTERY 

This invention relates to batteries. 

Batteries, such as primary alkaline batteries, are commonly used as 
energy sources. Generally, alkaline batteries include a cathode, aa anode, a 
5 separator, and an electrolytic solution. The cathode can include, for example, 

manganese dioxide particles as the active material, carbon particles that enhance the 
conductivity of the cathode, and a binder. The anode may be, for example, a gel 
including zinc particles as the active material. The separator is disposed between 
the cathode and the anode. The electrolytic solution can be, for example, a 

10 hydroxide solution that is dispersed throughout the battery. 

It is desirable for a primary alkaline battery to have a high discharge 
capacity. One factor that affects the discharge capacity is the quantity of manganese 
dioxide in the cathode. As a general rule, the more manganese dioxide in the 
cathode, the higher the discharge capacity of the battery. But the cathode must also 

15 include a sufficient quantity of carbon particles for adequate conductivity. Thus, the 
quantity of manganese dioxide that can be included in the cathode is Kmited in part 
by the quantity of carbon particles required for adequate conductivity. 

Typically, the carbon particles used in cathode are composed of 
graphite. It is known to use a specific type of graphite known as expanded graphite 

20 in place of normal gr^hite particles in the cathode. Expanded graphite is a flake 
graphite which is chemically treated and heated at a high temperature resulting in 
the exfoUation of the graphite particles. This produces a graphite with a 
significantly higher surface area thereby providing better contact with the 
manganese dioxide particles in the cathode. As a result, a specific quantity of 

25 expanded graphite particles provides a higher degree of conductivity to the cathode 
than the same quantity of non-expanded graphite particles. This in turn means that 
less graphite and more manganese dioxide can be included in the cathode, thus 
increasing the discharge capacity of the battery. 

The invention relates to using a blend of non-expanded graphite 

30 particles and expanded graphite particles in the cathode of primary alkaline batteries. 
The blend provides the cathode with enhanced conductivity in comparison to a 
cathode including only non-expanded graphite particles (in the same total quantity), 
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ta. also is more lubric,^ and process torn »xpand«Jg«#ltt 

particles alone. Moreover, because exp^ded ^M,e geoerally is more e^ve 
ta>na«xal gn>phi«. *e cos. of 4. graphic us^ in to banery is reduced as 

compared virith cathodes including only expanded graphite. 

He blend includes, for example. bet»cen 25% and 75% expanded 

graphite parades by wei^wi* to remaind^ bring non-^cpandedgraphtt. 
!Icles. Preferably, toblend includes at least 35%., and more preferably at least 
45% expand^l graphite particles by weight. The expanded graphite pamcles can 
have, for example, a particle si» of hetwe^ 15 mic«>ns and 40 microns. prrfer*ly 
^oeo 18 microns and 30 microns, and ^ apparent density of between 0.05 g/cc 
^ 0 10 g/cc, prefe^bly bctwe«. 0.06 g/cc and 0.08 g/ec. V. non<xpanded 
gr^Ute particles can have, for example, apardcle size of less ton 20 mtcrons, 
preferably between 2 microns ^d 12 microns, and more preferably between 5 
micr^.^ 9 microns. For purposes of this appUcation. particle size is measured 
S using a Sympatec HEWS analyze,. The expand«l gn^bite particles and non- 
a^ded graphite particles can be namral or synthetic. 

Preferably, a battery having a cathode including manganese dtoxide 

and toblend provides at least 95%. preferably a. leas. 97-/.. and more preferably at 
least 98%, of to perform^ce m to one wa« conUnuous discharge test (de«rW 
,0 subscuenUy), to pulsed regto (described ,s„bse<,„ently,, and to photo P^-' 
(describ^l subsequently) as a battery having to same components except to. non- 
«p.nded gr^hit. has been substibated for a portion of to expanded graphrte m to 
hlend Thus, to cathode including to bfend provides substantiaay to same 
performance as to catode including only expanded ^aphite in to same quantrty 
25 as to blend, but at reduced cost and higher lubricity. 

The cathode blend can have an electrical resistivity, for example, of 
,«s ton 1 ohm/em, and p«ferably less th^ 0.5 ohm-om. The cathode c^ contam, 
for example, between 3% and 7%, and preferably between 5% and 6%. of to 

eraphite blend by weight. • ^ 

The invention also relates to a cathode including manganese dioxide 

and the blend of non-expanded graphite particles and expanded graphite particles. 

Other features and advantages of the invention will be apparent from 
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the description of the preferred embodiments thereof and from the claims. 
The figure is a cross-section view of a battery. 
Referring to the figure, battery 10 includes a cathode 12, an anode 

14, a separator 16 and a cylindrical housing 18. Battery 10 also includes current 
5 collector 20, seal 22, and a negative metal top cap 24, which serves as the negative 

terminal for the battery. The cathode is in contact with the housing, and the 

positive terminal of the battery is at the opposite end of the battery from the 

negative terminal. An electrolytic solution is dispersed throughout battery 10. 

Battery 10 can be, for example, an AA, AAA, AAAA, C, or D battery. 
10 Cathode 12 includes manganese dioxide, a blend including both 

non-expanded graphite particles and expanded graphite particles, and a binder. 

, Any of the conventional forms of manganese dioxide used for 

cathodes can be used. For example, the manganese dioxide can be EMD or CMD. 

A preferred manganese dioxide is described in U.S. S.N. / , which has 

15 been filed on the same day as this apphcation and is hereby incorporated by 

reference. Distributors of manganese dioxides include Kerr McGee, Co. (Trona D), 

Chem Metals, Co., Tosoh, Delta Manganese, Mitsui Chemicals and JMC. Generally 

the cathode may include, for example, between 80% and 90%, and preferably 

between 86% and 88%, of manganese dioxide by weight. 
20 The carbon particles are a blend of non-expanded graphite particles 

and expanded graphite particles. The graphite can be synthetic or non-synthetic, or 

a* blend of synthetic and non-synthetic. 

The non-expanded graphite particles preferably have an average 

particle size of less than about 20 microns, more preferably from about 2 microns to 
25 about 12 microns, and most preferably from about 5 microns to about 9 microns. 

Non-synthetic, non-expanded graphite particles can be obtained from, for example, 

BraziUan Nacional de Grafite (Itapecerica, MG Brazil (MP-0702X). 

TTie expanded graphite particles preferably have an average particle 

size of less than 40 microns, more preferably between 18 microns and 30 microns, 
30 and most preferably between 24 microns and 28 microns. Expanded graphite 

particles may be purchased, for example, from Chuetsu Graphite Works, Ltd. 

(Chuetsu grades WH-20A and WH-20AF) of Japan. 
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Tl« «*od. may tool* fbr«an,te. betweea 3% and m 

« ™i 6 5% carbon petioles by weigHt Ga.=.aay. betwmi 

* vi flnnrncarbon resins, such as PVDF and, rirn. rux 
Portland cement and fluorocarbon , - HA.1681 (available 

, ^ir u «a5ld under the tradename Coathylene HA luo 

:::::^:rI^.-.-,.We,b^«0...e,cen.» 

*"'''""';::r:r:io..aa..v«.B«.p..o.«be.a^^^^ 

...ose. can.. . U.S. Pa... K„ S^^^ ^ ^ 

i^^„««d by «f=«n-. Caa>od= 12 Bay mclude, for cxamp 

„,„ionh.sb«a4i^««d. ^j^„,^riner.>a»rialsas«im 

Anode 14 can be fprmea oi any ui ulx 
,,^e^l^anodcl4c»ab=a^..«rry*ata.cMcazBen.eUl 

bauery anode. For ^^^^ ^ ^ 

,0 parUCes, a ^^^^ ^^ ^^^ , ^ ^ougbou. anode. 

■"^^*°^'r^?:roarbeanyo..c^pa..-— ^^^^^ 

..n^anod^B^^or^cp^.^^^^^^^^^^ 

' E^<cs of gemngagen^WudcpoiyaoryUcacida, grafted s^rcb 

. 3, ^.^^.yaeryb add.. po.yaory>a.s. oarboxyBe^y— ^» 
matenala,aalBofpoly ry Examples of auoh polyacrybc 

^« "-°-°r:c:r: (:i'-B.oood.icb^ 
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(available from Grain Processing Corporation, Muscatine, lA). An example of a 
salt of a polyacrylic acid is Alcosorb Gl (available from Ciba Specialties), The 
anode may include, for example, from 0.1 percent to about 2 p^cent gelling agent 
by weight. 

5 Gassing inhibitors can be inorganic materials, such as bismuth, tin, 

lead and indium. Alternatively, gassing inhibitors can be organic compoimds, such 
as phosphate esters, ionic surfactants or non-ionic surfactants. Examples of ionic 
surfactants are disclosed in, for example, U.S. Patent No. 4,777,100, which is 
hereby incorporated by reference. 

10 Separator 16 can have any of the conventional designs for battery 

separators. In some embodiments, separator 16 can be formed of two layers of 
non-woven, non-membrane material with one layer being disposed along a surface 
of the other. To minimize the volume of separator 16 while providing an efficient 
battery, each layer of non-woven, non-membrane material an have a basic weight of 

15 about 54 grams per square meter, a thickness of about 5.4 mils when dry and a 
thickness of about 10 mils when wet. In these embodiments, the separator 
preferably does not include a layer of membrane material or a layer of adhesive 
between the non-woven, non-membrane layers. Generally, the layers can be 
substantially devoid of fillers, such as inorganic particles. 

20 In other embodiments, separator 16 includes a layer of cellophane 

combrued with a layer of non-woven material. The separator also includes an 
additional layer of non-woven material. The cellophane layer can be adjacent 
cathode 12 or the anode. Preferably, the non- woven material contains from about 
78 weight percent to about 82 weight percent PVA and from about 18 weight 

25 percent to about 22 weight percent rayon with a trace of surfactant. Such 
non- woven materials are available from PDM under the tradename PA25. 

The electrolytic solution dispersed throughout battery 10 can be any 
of the conventional electrolytic solutions used in batteries. Typically, the 
electrolytic solution is an aqueous hydroxide solution. Such aqueous hydroxide 

30 solutions include potassium hydroxide solutions including, for example, between 
33% and 38% by weight percent potassium hydroxide, and sodium hydroxide 
solutions. 



SOOCID; <WO 0184652A2_I_> 



PCTAJSOl/13870 

WO 01/84652 

-6- 

Ho«ingl8oanbeanyccmvc.d«Jhou^goon>m<«Iy~«dm 

L o»»r .lec^ican, ^.<o.d«ctive material .ucb as hea. abn*b.e p«c. 
a layer of — c ^ oan . di^osea U.^^ 
; l«..eL..U. .ayer may disposed along ^=i-=.-f- of wan, 
^ cuorf^ce 0, oatt^oae 12 or bo«. This c„.>ducttve layer »n be 
for example, of a ca*o,«eous — Sue. matenals -lude LB 1000 
Eococoa. 25, (W.,. Oraeo ^ Co.), EleCrodag 109 (Aehesou CoHords 

oZt). Bl-odag 112 (Aobeso,., ^^^^^ « 

J- 1 ^ i„ for examole Canadian Patent No. 1,263,697, 
0 the conductive layer are disclosed in, for example, ^an 

which is hereby incorporated by reference. , . w 

Current collector 28 is made from a suitable metal, such as brass. 

Seal 30 can be made, for example, of nylon. _ 

An example of battery 10 (AA) was prepared accordmg to the 
A,re The cathode included about 9.758 grams of manganese 

. wH-20A=:rpa„dedgrapH«»dNa«on^QrapM»MP-0702X,.on.«<p.«le^ 
abor. 0.40 g of m KOH solution, and abou. 0.3 weigh, pero^^o^ 
1 i™.HA1681 The anode included about 4.112 grams of me pirocles, 
ooaU^lene HA-1681. ^ 
90 about 0.54 grams of 38% KOH, aDoul 3u ppm ^ . 

20 about ^ ON KOH (with 2% dissolved ZnO), and about 0.6 

relative to zinc, about 1.85 g yM Js.\jn v.wi 

:r;percen.»«geU.gagen.<Ca*opol,40.a..221.Tbe.^^^^^^ 
eaihode was about 25%, and the density of the anode was about 70/.. The 
^^L can be fotmed oftwo layers of non-wov^. non-me^brane matenal w.* 
,5 riyerbeingdisposedalongas^^of^eother. To minimize ^e volum of 
;a^r, each Uyer of non-woven, non-membrane n^aterial bad a ba.cw«^ of 
lut 54 grams per s,uare „eter, a tbictaess of about 5.4 mils when dry and a 
ZLl ^ » mas when we.. The .o.e also inolnde. about 3.17^a.us of 
!Cus po.assium by^oxide confining 2r. dissolved ZnO (abou. 35.5 wetgh. 
30 per^t potassium hydroxide) solution disposed in the cathode and an^ as 

above With .be remainder in the separa^r layer. A«-~fBB005 
(Acheson) was disposed between the ou» wall of the battery and *e out. 
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periphery of the cathode. 

An identical AA battery was prepared, except the cathode included 
5% expanded graphite and no non-expanded graphite. Similarly, an identical AA 
battery was prepared except the cathode included 5% non-expanded graphite and no 
5 expanded graphite. 

The AA batteries were stored at a temperature of from about 20.1C° 
to about 22AC° for five days. The AA batteries were then tested according to the 
following procedure. 

The AA battery including only expanded graphite in the cathode 
10 when discharged according to a 1.0 watt continuous test to 0.8V (the "one watt 
continuous discharge test") generates 0.96 service hour. The AA battery including 
the blend in the cathode generates 0.98 service hour. The AA battery including 
only non-expanded graphite in the cathode generates 0.91 service hour. Thus, the 
AA battery with the blend performed at least 7.5% better than the AA battery 
15 including only the non-expanded graphite. 

Each battery is visually examined for leakage or material damage and 
identified such that battery identification can be maintained throughout the test 
program. The batteries are oriented on their sides in holding trays such that the 
batteries are not in physical contact with each other. The holding trays are made to 
20 be resistant to heat and electrolytes. The trays are stored for 1 day at ambient 

conditions, after which the trays are placed in a preheated chamber. The trays are 
spaced so that there is at least about 5 cm (2 inches) of space between the chamber 
wall, and the tray above, below, or adjacent to each tray. The following 24 hour 
test sequence is repeated for 14 days. 
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In the "pulsed regime", after the pre-conditioiiiBg, 1.0 watt 3 
sec/lOOMW 7 sec to ti.e 0.8V cutoff, the AA battery including only expanded 
Xhite in the cathode generates3.29servicehours. The AA hatte. — 
:Lin the cathode generates3.30 service hours: ^^^^^^^ 
non-expanded graphite in the cathode generates 3.01 serv.ce hours. Thus. «^e AA 
20 battery with the blend perfonned at least 9.0 beUer than the AA battery mch^drng 

only non-expamW grapWte. 

The AA batt«y tacludmg only «pand»i graphite m to cthod. 

eeaerates 645 p»te m to 1.8 ohm 15 ^ lEC ph„» (to "phou. «hich 
^rtopL—.). Th-AAhane. — «pande.^M«.to 

. ^^^uLes The AA battery including only non-expanded 
OS cathode generates 652 pulses, xne /\a j . . vi ^ 

25 camoacg „„w Thus the AA battery with the blend 

graphite in the cathode generates 631 pulses, inus. me 

performed at least 3.3o/o better ^an the AA battery including only non-expanded 
A further example of an AA ceU was prepared according to the 

30 
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(Kerr-McGee, Co.), having a power coefficient greater than 3.6% as discussed in 
U.S. S.N. / which has aheady been incorporated by reference, 0.64 

grains of 38% KOH, 0.59 grams of the blended expanded graphite and non- 
expanded graphite used in the previous example, and about 0.3 weight percent of 
5 coathylene HA- 1681. The anode included about 4.213 grams of zinc particles 
including 1.475 grams of Noranda P-25 zinc fines, about 50 ppm surfactant (RM 
510, Rhone Poulenc) relative to zinc, and about 0.5 weight percent total gelling 
agent (Carbopol 940 and A221). The porosity of the cathode was about 25%, and 
the porosity of the anode was about 70%. The separator was an outer layer of 

10 cellophane (purchased from UCB, Grade No. 300 P00.2 with a layer of non-woven 
material. The separator also includes an additional layer of non-woven material. 
The cellophane layer can be adjacent to the cathode 12 or the anode. Preferably, 
the non-woven material contains from about 78 weight percent to about 82 weight 
percent PVA and from about 18 weight percent to about 22 weight percent rayon 

15 with a trace of surfactant. Such non-woven materials are available from PDM 
under the trade name PA25. The anode also included about 3.10 grams of an 
aqueous potassiimi hydroxide containing about 3.10 grams (about 35.5 weight 
percent potassiimi hydroxide) solution. A thin coating of EB005 (Acheson) was 
disposed between the outer wall of the battery and the outer periphery of the 

20 cathode. 

Other embodiments are within the claims. 
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1 A primary alkaline battery, comprising: 

a cathode comprising manganese dioxide and carbon particles, the 

c^bon particles including between 25% and 15% non-expanded graphite particles 
i by weight and between 250/0 and 75-/0 expanded graphite particles by wei^^^ 

an anode; 

a separator; and 

an alkaline electrolyte. 

2 The battery of claim 1. wherein the carbon particles include between 
350/0 and 650/0 non-expanded graphite particles by weight and between 35o/o and 
650/0 expanded graphite particles by weight. 

3 -me battery of claim 1. wherein the carbon particles include between 

, . „„T,u» rmrrirl&s bv Weight and between 40o/o and 

400/0 and 6O0/0 non-expanded graphite particles oy weigni 

6O0/0 expanded graphite particles by weight. 
15 4. -me battery of claim 1, wherein ttie cathode has an electrical 

resistivity oflessthan 1.0 ohm-cm. 

5 The battery of claim 1. wherein the cathode comprises between 80/c 

and 90O/O manganese dioxide by weight and between 2.O0/0 and 7.0o/„ carbon particle 

by weight, , 
20 6. The battery of claim 5. wherein the cathode compnses between 4.0/0 

and 6.50/0 carbon particle by weight. 

7. The battery of claim 1, wherein the anode comprises zmc as the 

active material. 

8, The battery of claim 1, wherein the non-expanded graphite particles 
25 have an average particle size of less than 20 microns. 

9 TT.e battery of claim 8, wherein the expanded graphite particles have 
axi average particle size of between 15 microns and 40 microns. 

10 The battery of claim 1. wherein the expanded graphite particles have 
an average particle size of between 18 microns and 30 microns. 

30 n. The battery of claim 9, wherein the expanded graphite particles have 

an apparent density ofbetWeen 0.05 g/cc and 0.1 g/cc. 

12. THe battery of claim 1. wherein the expanded graphite particles have 
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an apparent density of between 0.05 g/cc and 0.1 g/cc. 

13. The battery of claim 1, wherein the battery performs at least 95% as 
well in the one watt continuous discharge test as a battery in which the 
non-expanded graphite particles in the cathode have been replaced with expanded 

5 graphite particles. 

14. The battery of claim 1, wherein the battery performs at least 95% as 
well as in the pulsed regime as a battery in which the non-expanded graphite 
particles in the cathode have been replaced with expanded gr^hite particles. 

15. The battery of claim 1, wherein the battery performs at least 95% as 
10 well as in the photo pulse test as a battery in which the non-expanded graphite 

particles in the cathode have been replaced with expanded graphite particles. 

16. A cathode for a battery, comprising manganese dioxide and carbon 
particles, the carbon particles including between 25% and 75% non-expanded 
graphite by weight and between 25% and 75% expanded graphite by weight. 
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(57) Abstract: A primary alkaline battery (10) has a cathode (12) includ- 
ing manganese dioxide, carbon particles, and binder. TTie carbon panicles 
include a blend of both non-expanded graphite and expanded graphite. The 
blend provides the cathode with enhanced conductivity in comparison to a 
cathode including only non-expanded graphite particles (in the same total 
quantity), but also is more lubricous and thus easier to process than expanded 
graphite particles alone. Moreover, because expanded graphite generally is 
more expensive than natural graphite, the cost of the graphite used in the bat- 
tery is reduced as compared with cathodes including only expanded graphite. 
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